The lymphatic vasculature forms a network of vessels that drain interstitial fluid from tissues and return it to the blood. 1, 2 Lymphangiogenesis, the formation of lymphatic vessels from pre-existing lymphatic vessels, plays an important role in the homeostasis of interstitial fluids, metabolism, and immunity. 1, 2 Surgical treatment of malignant tumors, such as lymphadenectomy in patients with breast cancer, sometimes induces lymphedema that can impact quality of life. 3 The prevalence of lymphedema varies from 0 to 56%; 4 up to 50% of survivors report symptoms consistent with lymphedema, with or without a clinical diagnosis, 5 although lymph node dissection has proven to have prognostic benefits for patients with ovarian or uterine carcinoma. 6 The etiology and pathophysiology of lymphatic failure is not clearly understood, but recent studies have identified key regulators of lymphatic development and the genetic underpinnings of primary lymphedema caused by developmental lymphatic malformation. However, the pathophysiology of secondary lymphedema-including the interplay between inflammatory events, matrix remodeling, and local lymphatic response-is less well understood. The unsatisfactory status of lymphedema treatment in patients with cancer warrants an intensified search for new treatment approaches.
1,2 The current therapeutic approaches of secondary lymphedema are the physical therapy, including a combination of compression, exercise, and, if possible, massage. If physical therapy fails, surgery, supermicrosurgical techniques for the anastomosis of blood or lymphatic vessels, is indicated. Although the induction of lymphangiogenesis may be a possible therapeutic approach, it is not clear to what extent therapies aimed at lymphatic regrowth will be effective for the treatment of various types of secondary lymphedema. If lymphedema results from downstream blockage, such as from the surgical removal of lymph nodes, therapies that stimulate lymphangiogenesis to restore lymphatic flow may be a good option for the treatment of secondary lymphedema.
Key regulators in lymphatic development have been demonstrated by transgenic models. 7, 8 Vascular endothelial growth factor (VEGF) receptor-3 (VEGFR-3) is responsible for primary lymphedema. 9 The recent findings suggest that targeting of molecular mechanisms of lymphangiogenesis to improve the lymphatic function may lead to a successful treatment of lymphedema by enhancing the recurrence of lymphatic flow in the secondary lymphedema situation.
We previously reported that prostaglandins (PGs), which are arachidonic acid metabolites, enhance angiogenesis during the development of chronic inflammation and tumors through the induction of a potent proangiogenic factor known as VEGF-A. [10] [11] [12] [13] In both inflammatory and tumor models, an inducible cyclooxygenase-2 (COX-2)-derived PGE 2 exerted proangiogenic activity via EP3 signaling, with the concomitant induction of VEGF-A. This effect was especially prominent in bone marrow (BM)-derived cells, which are a major component of tumor stromal tissues. We further clarified that tumor-associated lymphangiogenesis was upregulated by endogenous PGs derived from COX-2. 14 In addition, upregulation of VEGFR-3 was observed in response to host PG signaling, and this was accompanied by a COX-2-dependent increase in VEGF-C expression. These data suggested that PGs are endogenous regulators of lymphangiogenesis in some pathological conditions, although it remains unknown whether endogenous PGE 2 enhances lymphangiogenesis during secondary lymphedema.
In the present study, we tested the effect of celecoxib, a selective COX-2 inhibitor, on lymphangiogenesis in a model of secondary lymphedema. Molecular characterization of the lymphedema was tested in relation to the COX-2 that links to the generation of the important inflammatory mediators, PGs. The results indicate that endogenous COX-2-derived PGs stimulate lymphangiogenesis and enhance the restoration of lymphatic flow. These findings suggest that enhancement of lymphangiogenesis stimulated by PG generation and/or PG receptor signaling will be an option for the treatment of lymphedema.
MATERIALS AND METHODS Lymphedema Model in Mouse Tail
Male C57/BL6 mice (CLEA Japan, Tokyo, Japan), 8 to 10 weeks old, were used in this study. All experimental procedures were performed in accordance with the guidelines for animal experiments in the Kitasato University School of Medicine. The study protocol was approved by the animal care and use committee (1114, 2010-119).
To induce lymphedema, mice were anesthetized with sodium pentobarbital (50 mg/kg, i.p.), and a 5-mm wide circumferential incision 10 mm from the tail base was made through the dermis close to the tail base to sever the dermal lymphatic vessels. We removed the pre-existing lymphatic vessels without damaging the major blood vessels (arteries and veins) present central, and close to the bony/cartilaginous part of the tail. Care was taken to maintain the integrity of the major underlying blood vessels and tendons so that the tail distal to the incision did not become necrotic. Mice in the treated group were fed a diet containing celecoxib (150 mg per 100 g diet, approximately equal to 100 mg/kg/day/mouse) beginning on the day of surgery (week 0). 15 Some mice received a diet containing celecoxib (45 mg per 100 g diet, approximately equal to 30 mg/kg/day/mouse). A control group of age-matched, vehicle-treated mice were maintained on a diet without celecoxib. Furthermore, another set of agematched mice without skin incisions were given the diet without celecoxib, which allowed for measurement of the baseline tail size during the time course of the analysis.
Weekly measurements of the maximum horizontal diameter of the tails at the distal edge of the incisions were performed using photographs (Nikon COOLPIX 7900, Tokyo, Japan) of the tails on a scale. The rate of reduction in the tail diameter was based on the weekly results from each mouse tested. To determine the baseline tail size of control mice during the analysis, a circumferential mark was made on the tail 10 mm from the tail base to represent the incision site.
Tissue Sample Preparation
Mice were killed at various times up to 3 weeks after surgical procedure. Tail tissues, including wound granulation tissues and re-epithelialized skins, were excised from the wound site under ether anesthesia. Some tissue samples were transversely cryosectioned into 10 mm-thick sections for immunostaining and others were immediately analyzed by real-time PCR.
Microlymphangiography Mice were anesthetized as described above, and the integrity of the lymphatic vasculature of the tail was examined by fluorescence microlymphangiography. 16 In this procedure, a fluorescently labeled macromolecule (2000 kDa FITC-dextran, 2 mg/ml; Molecular Probes, Carlsbad, CA, USA) was injected subcutaneously to the top of the tails. Because of its large size, the tracer is taken up by the lymphatics but excluded from the blood vasculature. As the fluorescent tracer was transported by the lymphatic vessels, it was clearly visible within dermal lymphatic capillaries, thus providing a clear visualization of lymphatic functionality. The filling of the lymphatic vasculature was monitored for 30 min with a fluorescence microscope (VHX-1000, KEYENCE, Osaka, Japan) with equal exposure times for each mouse. The arbitrary units of fluorescence intensity were analyzed with VHX-1000 software (KEYENCE), and were compared between the two groups. Quantitative Real-Time RT-PCR Quantitative real-time RT-PCR of total RNA isolated from the tail samples was performed as described previously. 15 Total RNA was extracted from mouse tissues using TRIzols (Invitrogen, San Diego, CA, USA) and single-stranded cDNA was generated from 1 mg of total RNA via reverse transcription with ReverTra Ace-a-TM (TOYOBO, Osaka, Japan). Real-time PCR primers were designed using Primer3 software (http://primer3.sourceforge.net/) based on GenBank data and are listed in Table 1 . Quantitative PCR amplification was performed using SYBRs Premix Ex Taqt (TaKaRa Bio, Shiga, Japan) with the Chromo4 real-time PCR detection system (Bio-Rad, Hercules, CA, USA). Threshold cycle (Ct) values were processed for further calculations according to the comparative Ct method. Expression levels of target genes were normalized to the housekeeping gene GAPDH, giving the DCt value. Finally, the gene expression level was calculated as 2-DCt, giving the final value.
Determination of Interstitial Pressure in Subcutaneous Tail Tissues
At 3 weeks after surgery, the interstitial pressure in the tail tissues was determined with a 23G needle connected to a lowpressure transducer 20 mm distal to the peripheral edge of the tail skin wound. Pressure is expressed as mm Hg. We preliminary tested the pressure distal to the wounds. Up to 20 mm distance, there was no marked change in the interstitial pressures. To avoid the mechanical stimuli to the wounds, we selected this distance throughout the present study.
Table 1 Oligonucleotides used as primers for RT-PCR

Genes
Sense Anti-sense
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Cell Culture
Human lymphatic microvascular endothelial cells (HMVECdLyNeo: CC-2812) were obtained from TaKaRa. They were cultured in EGM s -2-MV BulletKit s DMEM supplemented with 5% (v/v) FBS at 371C in 5% humidified CO 2 , in the presence of 100 U/ml penicillin and 100 mg/ml streptomycin.
Peritoneal macrophages in C57/BL6 mice were elicited using thioglycolate and were obtained via lavage of the peritoneal cavity, using 3 Â 5 ml of PBS. Peritoneal exudate cells were washed, suspended in RPMI-1640 medium containing 10% FBS, 100 U/ml penicillin, and 100 mg/ml streptomycin, and enriched for macrophages by adhesion for 2 h (six-well tissue culture plates at 2 Â 10 6 cells/well). The resulting peritoneal macrophages and HMVEC-dLyNeo (six-well tissue culture plates at 3 Â 10 5 cells /well) were stimulated with PGE 2 for 24 h. After 24 h of incubation, PremixWST-1 (TaKaRa Bio) was added. At 3 h after incubation, absorbance at 450 nm was determined by SoftMax Pro Multi plate Reader (Molecular Devices, CA, USA) in comparison with that at 650 nm as a marker of cell proliferation. Total RNA was extracted from these cultured cells using TRIzol (Invitrogen), and relative expressions of VEGF isoforms were determined.
Statistical Analysis
Data are expressed as means±s.e.m. Comparison of multiple groups was performed by factorial analysis of variance (ANOVA) followed by Scheffe's test. Comparison between two groups was performed by Student's t-test. P-values o0.05 were considered statistically significant.
RESULTS
Development of Lymphedema in Mouse Tails and Upregulation of COX-2 in Wound Granulation Tissues
After the surgical removal of subcutaneous tissue from the basal region of the tails, granulation tissues appeared in the wounds within 2 days of the operation. In vehicle-treated mice, the wounds were covered with epithelial cells 3 weeks after surgical treatment (Figure 1a) . The diameters of the distal edge of the wounds were markedly increased after the surgery, and they reached maximum size at 2 weeks after surgery (Figure 1b) . Changes in tail diameter in celecoxibtreated mice followed essentially the same time course as those observed in mice without celecoxib, showing peak levels 2 weeks after the surgical removal of subcutaneous tissues (celecoxib-treated mice 2 weeks after surgery; 5.5±0.2 mm, n ¼ 10). In mice without celecoxib, the maximum diameters of the tails decreased after 2 weeks (Figure 1b) . When the reduction rates after the peak of edema were determined (Figure 1c) , the reduction of edema in terms of the maximum diameter of the tails in celecoxib-treated mice (100 mg/kg/day) was significantly (P ¼ 0.041, and P ¼ 0.018) suppressed in comparison with mice without celecoxib at 3 and 4 weeks after the surgery (Figure 1c ), although this suppression was not seen at later time points. The reduction rate in mice treated with 30 mg/kg/day was essentially the same as that seen in mice with 100 mg/kg/day. The decrease in edema in mice treated with 30 mg/kg/day at 4 weeks after surgery was 88 ± 2% (n ¼ 10).
The expression of COX-2 in wound granulation tissues was markedly increased in both mice without celecoxib and celecoxib-treated mice at 1 week after surgery compared with unwounded naive control mice (Figure 1d ). At 1 and 2 weeks after surgical treatment, the expressions of COX-2 were significantly reduced in celecoxib-treated mice compared with mice without celecoxib (Figure 1d ). Despite the increase in COX-2 mRNA in early stages, the expression of an inducible prostaglandin E synthase (mPGES-1) was unchanged throughout the experimental period (Figure 1e ).
Role of COX-2 in the Restoration of Lymphatic Flow and Reduction of Interstitial Pressure
To evaluate the functionality of the lymphatics generated in the proliferative granulation tissues, we injected FITC-dextran into the subcutaneous tissues of the distal portion of the tails. In mice without celecoxib, visualized lymphatic flow in wound granulation tissues was detected 3 weeks after surgical treatment (Figure 2a) . Lymphatic flow was evident in the base of the tails over the wounded areas 30 min after the dye injection (Figure 2a ). In contrast, lymphatic flow was markedly suppressed in mice treated with celecoxib 30 min after the dye injections (Figure 2b ). When the accumulated intensity of the fluorescence just proximal to the wounded area (indicated by squares in Figure 2a and b) was determined, the fluorescence intensity was markedly and significantly (Po0.001) suppressed with celecoxib treatment (Figure 2c ).
When the interstitial tissue pressures in the region of the tails distal to the wounds were determined, the pressures in vehicle-treated mice at 1, 3, 4, 5, and 6 weeks after surgical treatment were markedly increased with celecoxib treatment (Figure 2d ).
Role of COX-2 in LYVE-1-Positive Lymphatic Structure Formation in Wound Granulation Tissues
Transverse sections of the tail wounds and naive tails were stained with HE and LYVE-1/CD31 antibodies (Figure 3a-h) . At 3 weeks after the surgical removal of subcutaneous tissues, LYVE-1-positive lymphatic structures (green) were identified in the granulation tissues formed at the tail lesions in mice without celecoxib (Figure 3e and g ). The granulation tissues were also rich in CD31-positive blood vessels (red) in mice without celecoxib (Figure 3e and g ). The formation of both LYVE-1-positive lymphatic structures and CD31-positive blood vessels in wound granulation tissues was markedly suppressed with celecoxib treatment (Figure 3f and h) . When the density of lymphatic structures was determined in terms of vessel number/granulation tissue area, celecoxib treatment suppressed the density of lymphatic structures by 61% (Figure 3i ).
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Changes in mRNA Levels of VEGF Isoforms, VEGFR-3, and CD31 in Wound Granulation Tissues mRNA levels in the granulation tissues formed at wounded lesions of the tails were measured by real-time PCR (Figure 4) . The mRNA levels of VEGF-C increased gradually after surgical treatment in mice without celecoxib (Figure 4a ). The same trend was evident in celecoxib-treated mice; however, the levels were lower than those in mice without celecoxib (Figure 4a) . The difference between the mRNA levels in each group at 1 week after surgical treatment was statistically significant (P ¼ 0.019; Figure 4a ). In contrast, expression of VEGF-D, another pro-lymphangiogenic factor, was largely unchanged throughout the experimental period (Figure 4b ). VEGF-A expression was significantly (P ¼ 0.015) suppressed in celecoxib-treated mice at 1 week after surgical treatment (Figure 4c ). VEGFR-3 expression peaked 2 weeks after surgical treatment in mice without celecoxib (Figure 4d ), but was significantly (P ¼ 0.002, and P ¼ 0.006) suppressed by celecoxib treatment at 2 and 3 weeks after surgical treatment (Figure 4d) . Expression of the blood vessel endothelial marker, CD31, was also significantly (P ¼ 0.041, and P ¼ 0.014) suppressed by celecoxib treatment at 2 and 3 weeks after surgery (Figure 4e ).
Analysis of Cellular Profiles of Wound Granulation
Tissues and Effects of a COX-2 Inhibitor mRNA levels of the hematopoietic lineage markers in the granulation tissues formed at tail wound lesions were analyzed by real-time PCR and immunohistochemistry ( Figure 5 ). The mRNA levels of Mac-1 in the granulation tissues in mice without celecoxib were increased gradually after surgery in comparison with tissues soon after the Figure 5a) . The difference was statistically significant at 1 week (P ¼ 0.026) and 2 weeks (P ¼ 0.024) after the surgery (Figure 5a ). In contrast, the mRNA levels of CD3e and S100A4 were decreased significantly after surgery (Figure 5a 
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S Kashiwagi et al double immunostaining with F4/80 antibody and COX-2 antibody was performed in the granulation tissues 7 days after surgery (Figure 5d ), a large number of COX-2-positive cells were found to express F4/80 (Figure 5d ), suggesting that F4/80-positive macrophages accumulated around the wounds enhanced lymphangiogenesis in a COX-2-dependent manner.
Effects of PGE 2 on Proliferations of HMVECs and Macrophages and Expressions of VEGF Isoforms
We finally tested the in vitro effects of PGE 2 on proliferations of HMVECs and macrophages ( Figure 6 ). Compared with vehicle solution (0 nM), PGE 2 did not enhance the cell proliferation at concentrations of 1 and 10 nM (Figure 6a ). High COX-2 and lymphedema S Kashiwagi et al concentration (100 nM) showed marginal but significant (P ¼ 0.003) proliferative effect on HMVECs. In contrast, PGE 2 significantly (P ¼ 0.003, Po0.001, and Po0.001) suppressed the proliferation of the macrophages obtained from the mouse peritoneal cavity in a dose-dependent manner (Figure 6e ). Addition of PGE 2 to HMVECs did not increase the mRNA levels of VEGF isoforms, VEGF-A, VEGF-C, and VEGF-D markedly (Figure 6b-d) . In contrast, PGE 2 increased the expressions of VEGF-A and VEGF-C in a dose-dependent manner, whereas it did not the increase the expressions of VEGF-D (Figure 6f-h ).
DISCUSSION
The lymphatic system is a vascular network that maintains tissue fluid homeostasis and mediates regional inflammatory responses. When the anatomic and functional integrity of the lymphatic vasculature is impaired, the resulting loss of fluid transport capacity leads to lymphedema, the most readily recognizable consequence of lymphatic vascular incompetence. The potential for therapeutic lymphangiogenesis has been widely anticipated after the identification of endogenous factors that enhance this event. 2 The objectives of the present study were to examine the role of COX-2-derived PGs in the enhancement of lymphangiogenesis in an acquired lymphedema model, and the therapeutic potential of PGs to enhance the restoration of lymph flow.
In the present experiment, we utilized a murine tail lymphedema model to investigate the role of COX-2 in the restoration of lymph flow ( Figure 2 ) and lymphangiogenesis ( Figure 3) . Removal of the pre-existing lymph vessels in the subcutaneous tissues resulted in the formation of wound granulation tissues that supported the regeneration of lymphatics (Figure 3) . This model is a useful experimental platform for elucidating the mechanisms of the disease and evaluating potential therapies. 18 In previous studies, administration of VEGF-C to promote therapeutic lymphangiogenesis was shown to reduce edema volume and have beneficial effects on tissue architecture. 19, 20 Molecular characterization of the tissues with lymphedema revealed the prominence of inflammatory mediators affecting the inflammatory nature of this acquired microvascular disorder. [21] [22] [23] Lymph stasis is known to induce the tissue destruction associated with lymphedema. Inflammation in lymphedema may be in response to loss of lymphatic vascular integrity, and thus a rational target for intervention in this experimental model. In the present study, we first clarified that the recurrence of lymph flow in the wound granulation tissues was increased by COX-2 activity with increased formation of LYVE-1-positive lymphatic-like structures (Figure 2 ). COX-2 mRNA levels were markedly increased in tail granulation tissues in the early phases of the wound healing process (Figure 1d ). COX-2 catalyzes PGG 2 /H 2 formation from the released arachidonic acid. There are some reports that describes upregulation of COX-2 by PGE 2 .
24-26 Thus, it is possible that celecoxib treatment blunts the expressions of COX-2 in the granulation tissues in this model. However, in the present experimental settings, mRNA levels of COX-2 in the granulation tissues may be reduced because of the reduced accumulation of macrophages (Figure 5b and c) , although we cannot rule out the possibility that there is a feedback mechanism between the COX-2-derived PGs and COX expression at 1 and 2 weeks after surgery. The reduction was more prominent at 2 weeks after the surgery (Figure 1d There was no reduction in COX-2 mRNA levels in celecoxib-treated mice at 3 weeks after the surgery, suggesting that COX-2 induction is transient in this model. It is interesting that we did not find the upregulation of mPGES-1. This suggests that COX-2 is a rate-limiting factor to generate PGE 2 . As VEGF-C expression was suppressed by celecoxib (Figure 4) , the inhibition of VEGFR-3 expression seen later may be a result of reduced VEGF-C expression. The same was true of VEGF-A expression (Figure 4) . VEGF-A has been reported to stimulate lymphangiogenesis via increased recruitment of macrophages that are the source of VEGF-C. 27 This suggests that the COX-2-dependent increase in VEGF-C and/or VEGF-A may be important for upregulation of VEGFR-3 and restoration of lymph flow.
We previously reported that COX-2 contributed to tumor growth and angiogenesis. 12, 13 However, little is known about the direct contribution of COX-2 to lymphedema-associated lymphangiogenesis, although positive correlations between COX-2 expression in tumor tissues and lymphangiogenesis and lymph node metastasis have been reported for several human cancers, [28] [29] [30] as well as the effect of COX-2 inhibition on lymphangiogenesis in a tumor implantation model. 14 In a study utilizing a nonselective COX inhibitor in a mouse tail lymphedema model, ketoprofen treatment normalized the histopathology with increased TNF-a expression and VEGF-C expression. 31 The surprising difference between the effect of COX-2 inhibition on VEGF-C expression in that study and ours suggests that the selectivity of COX inhibitors is important.
An interesting phenotype observed in response to COX-2 inhibition was the reduced granulation tissue formed as a result of reduced recruitment of inflammatory cells to the wounds (Figure 3j) . As far as we tested, the major cellular component accumulated during the lymphangiogenesis was the macrophages, and this accumulation was COX-2 dependent ( Figure 5 ). This was quite consistent with that observed in sponge granulation tissues in our previous 
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S Kashiwagi et al study. 32 We reported that the replacement of wild-type BM with BM cells (BMCs) from green fluorescent protein (GFP) transgenic mice revealed that the formation of granulation tissue around the sponge implants developed via the recruitment of BMCs. 32 A COX-2 inhibitor, celecoxib, also inhibited this recruitment. FACS analysis of the granulation tissues after treatment with collagenase revealed that the recruitment of Mac-1-positive macrophage fraction was inhibited by celecoxib. 32 The prostanoids relevant to the enhancement of lymphangiogenesis and recurrence of lymph flow were not identified in the present study. But, we had seen that PGE 2 is an active prostanoid to induce angiogenesis in mouse sponge implantation model that mimic the wound granulation tissues. 33 Furthermore, the same was true in skin wound healing models. 33 The activation of adenylate cyclase linking to some of the EP receptor subtypes resulted in the enhancement of angiogenesis in the sponge model. 34 Selective knockdown of EP3 performed by BM transplantation with BMCs isolated from EP3 knockout (EP3) mice reduced sponge-induced angiogenesis, as estimated by mean vascular number and CD31 expression in the granulation tissues. 32 This reduction in angiogenesis in EP3(-/-) BM chimeric mice was accompanied by reductions in the recruitment of BMCs, especially of Mac-1-positive cells and Gr-1-positive cells. 32 These results indicate that the recruited BMCs that express the EP3 receptor have a significant role in enhancing angiogenesis during chronic proliferative inflammation. 32 Few studies have examined VEGF-C induction, although VEGF-D expression is known to be induced by cell-cell contact mediated by cadherin-11. 35 Sequences upstream of the VEGF-C translation start site were found to contain consensus binding sites for the AP-2 transcription factor, suggesting that the cAMP-dependent protein kinase activates the AP-2 transcription factor to regulate VEGF-C transcription. 36, 37 Because COX-2 inhibition reduced VEGF-C expression in the early stages of the experiment (Figure 4a ), but not VEGF-D (Figure 4b ), VEGF-C may be the growth factor responsible for enhancement of lymphangiogenesis. The transcription factors and regulatory promoter elements that control VEGF-D gene expression have not been fully identified; 38 however, VEGF-D may cooperate with VEGF-C in a COX-2-dependent manner. We previously reported that EP3 signaling activates AP-1 in fibroblasts. 12 It has also been established that EP4 and a splicing variant of EP3 can activate adenylate cyclase, thereby elevating cAMP levels. These findings suggest that PGE 2 may regulate lymphangiogenesis in these lymphedema models.
The treatment of lymphedema is currently based on physiotherapy, compression garments, liposuction, and occasionally surgery. 39 However, efforts to reconstitute the lymphatic vessels and cure lymphedema are rarely successful. 40 VEGF-C gene transfer via adenoviruses, adenoassociated viruses, or naked plasmids, as well as the application of recombinant VEGF-C protein, has been shown to stimulate the formation of new lymphatic capillaries and alleviate edema in preclinical animal models of lymphedema, [41] [42] [43] suggesting the potential to restore lymphatic vessels in lymphedema patients. Furthermore, as seen in Figure 2d , the temporal changes in the interstitial pressure was significantly higher in the group treated with celecoxib. The difference of the pressure at 2 weeks between the two groups was not statistically significant; however, the pattern of the interstitial pressure was similar between the two groups, and the time to the peak of the pressure was delayed in celecoxib-treated mice. Thus, the difference of the pressure at 2 weeks between those treated with a COX-2 inhibitor and those without a COX-2 inhibitor was not statistically significant.
In conclusion, lymphangiogenesis, together with recurrence of lymph flow after surgical induction in the acquired lymphedema model, may be upregulated by endogenous PGs derived from COX-2. The development of a PG analog that mimics the biological activities of PGs will be a good option for the treatment of lymphedema in patients after surgical intervention.
